In New Caledonia, Wallis and Futuna, and French Polynesia, an active surveillance system was established to monitor pneumococcal serotype prevalence between 2000 and 2007. The most prevalent serotype was serotype 1, which belonged to the major clonal complex sequence type 306 (ST306) and was responsible for invasive pneumococcal disease outbreaks.
Invasive pneumococcal disease (IPD) is a significant cause of morbidity and mortality worldwide and affects principally the very young, the very old, and people with chronic diseases (19) . While attack rates for pneumococcal disease are extremely high in developing countries (8) , indigenous and disadvantaged minorities are also at particular risk (4, 10, 21, 22) . Streptococcus pneumoniae serotype 1 has remained one of the most prevalent invasive serotypes (6) . Its levels of importance differ among countries, and it is one of the few pneumococcal serotypes associated with disease outbreaks in small or closed communities (5, 9, 11, 13, 20) . Its characteristics include a short duration of nasopharyngeal colonization and a propensity for the development of invasive infection (12) . Of concern is that the heptavalent pneumococcal conjugate vaccine (PCV7, against serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F) for children under 2 years of age does not cover this serotype, although new conjugate vaccines offer hope for the future. We describe the epidemiology of serotype 1 IPD outbreaks in a South Pacific region between 2000 and 2007.
(This study was presented at the 5th and 6th International Symposium on Pneumococci and Pneumococcal Diseases [ISPPD], Alice Springs, Australia, 2006, and Reykjavik, Iceland, 2008.)
All isolates of S. pneumoniae collected from any body site between January 2000 and December 2007 from a 285-bed, tertiary-care hospital in Noumea, New Caledonia, which serves the majority of the New Caledonian population, were studied. All invasive isolates of S. pneumoniae referred to the laboratory of the Hospital of Papeete, a 353-bed, tertiary-care hospital in French Polynesia, between 2002 and 2005 were also studied. IPD was defined as isolation of S. pneumoniae from a normally sterile body site, such as blood or cerebrospinal or pleural fluid. Identification of S. pneumoniae, serotyping by the Quellung reaction, and determination of susceptibilities to penicillin, amoxicillin, and cefotaxime were performed as previously described (2) . Ninety-six serotype 1 S. pneumoniae isolates from New Caledonia (80 invasive, 15 noninvasive, and one carrier strain) and 40 invasive type 1 isolates from French Polynesia were collected. Other serotype 1 strains isolated between 2003 and 2005 from Wallis and Futuna (3 invasive and 3 noninvasive) and New South Wales, Australia (3 invasive and 3 noninvasive), were studied for molecular comparison. A total of 141 serotype 1 isolates (96 from New Caledonia, 6 from Australia, 6 from Wallis and Futuna, and 33 from French Polynesia) were analyzed by pulsed-field gel electrophoresis (PFGE) as previously described (15) . Gel images were analyzed by Bionumerics (Applied Maths, Kortrijk, Belgium) (23). Thirty-two PFGE-selected serotype 1 Streptococcus pneumoniae strains were analyzed by multilocus sequence typing (MLST), as described elsewhere (7) . Allelic profiles, or sequence types (ST), were analyzed using the software available on the MLST website (http://www.mlst.net). A prospective surveillance study of IPD was carried out from January 2000 to December 2007 in New Caledonia. Incidence rates were calculated using the 2004 census of the New Caledonian population (http://www.insee.fr). A retrospective analysis of medical files was undertaken to document the serotype 1 clinical characteristics. Statistical analysis was performed using the Student t test to compare mean ages and the 2 test to determine odds ratios (ORs) with 95% confidence intervals (95% CI) (Epi-info, version 6.04; Centers for Disease Control and Prevention, Atlanta, GA).
Of 1,436 isolates collected in New Caledonia between 2000 and 2007, 437 (30.4%) were considered invasive, with an estimated incidence rate of 24.0 IPD cases/100,000 persons/year. The absolute annual numbers of IPD cases and the estimated incidence rates are shown in Table 1 . Of the total IPD isolates, cultures from blood accounted for 372 (85.1%), those from spinal fluid accounted for 50 (11.5%), and those from pleural fluid accounted for 15 (3.4%). In New Caledonia, the three most frequent pneumococcal serotypes of IPD isolated during this period were types 1 (80 cases, 18.3%), 4 (58, 13.3%), and 7F (55, 12.6%). A sharp increase in the number of IPD cases was noted from February 2000 to February 2001, with a peak in winter in the Southern Hemisphere, and in the winter of 2007, with the majority of isolates expressing the serotype 1 capsule ( Fig. 1 ). Altogether, 56 of 80 cases of serotype 1 IPD were identified during the first outbreak; these affected all communities and all age groups, but a high percentage of cases (28/56, 50%) occurred in young adults aged 15 to 39 years old (significantly higher than other IPD serotypes, P Ͻ 0.01), and cases appeared with low frequency in adults up to 65 years old (P Ͻ 0.01) (data not shown). All patients were hospitalized, and the majority of cases (44/56, 78%) did not have recognized predisposing risk factors for IPD (compared to other serotypes, P Ͻ 0.01) (data not shown). However, none had to be transferred to an intensive care unit, and there were no reported deaths. The clinical presentations were 42 pneumonia cases with a positive blood culture for S. pneumoniae, 14 bacteremia cases, and no meningitis cases. The second outbreak, from July to November 2007, showed a lower incidence of IPD due to serotype 1 but revealed other characteristics, with almost 50% of infected individuals being children under 8 years of age (compared to other serotypes, P ϭ 0.02). We also noted the first meningitis case during this outbreak.
The These data indicate that there may have been an outbreak in this country in 2002 that gradually diminished.
All serotype 1 strains were completely susceptible to the antimicrobial agents tested.
Of the total of 141 serotype 1 pneumococcal strains tested, only three distinct pulsotypes were found by PFGE, the major type A (130 strains, found in all of the 4 countries) and the minor types B (one strain) and C (10 strains, found in both Australia and French Polynesia) (Fig. 2) . The major profile A was of ST306, except two "new ST" strains isolated in New Caledonia in 2007, which differed only in the locus aroE by a G/A nucleotide substitution at position 301. ST306, responsible for outbreaks in 2000 and 2007, was the exclusive clonal complex found across New Caledonia, and it encompassed epidemic and nonepidemic serotype 1 S. pneumoniae strains from all ethnic and age groups of patients, irrespective of year of isolation or sample type. The unique pulsotype B corresponded to an ST227 strain (from Australia), differing from ST306 by only two loci. The minor pulsotype C corresponded to an ST304 clone and was found in both Australia and French Polynesia but never in Polynesians living in New Caledonia.
New Caledonia is a developed French overseas territory located in the South Pacific, with 230,789 inhabitants. The country is a discrete epidemiologic entity with Pacific Island characteristics and a multicultural population. A previous study carried out between May 1999 and May 2001 investigated which serotypes were responsible for pneumococcal diseases in New Caledonia (18) . The most frequent serotypes were types 1 (20%), 23F (10%), 12F (8%), 19F (8%), and 6B (5%) (18) . This distinctive distribution led to the implementation of an active surveillance system for the serotypes responsible for IPD. We were thus able to reveal, retrospectively, that this high prevalence was in fact due to an outbreak where the majority of isolates expressed the serotype 1 capsule. The present serotype 1 outbreaks described in New Caledonia and French Polynesia are due to the limited clonal complex ST306. Interestingly, PFGE was not able to discriminate between (1) and is clearly now also important in the South Pacific. In New Caledonia, this strain represents a lineage with a propensity to cause pneumonia and septicemia in healthy indigenous people (18) . Furthermore, a study conducted in New Caledonia by Charveriat et al. in 2003 , looking at the nasopharyngeal carriage of S. pneumoniae in healthy children aged 2 to 24 months old, showed that only a single serotype 1 isolate was identified out of 544 isolates (2) . There were very few invasive cases of serotype 1 in the same year, which also supports the contention that serotype 1 occurs as outbreaks rather than as a strain endemic to the area, with high carriage rates (12) .
In 2005, the Advisory Committee on Immunization Practices of New Caledonia recommended PCV7 for all children aged Ͻ2 years. Since then, the rate of IPD among children aged Ͻ2 years has decreased from 86.9 to 38 annual cases per 100,000 children (personal data), but it remains more frequent than the rate of IPD among children in the general French population, which is 29.8 annual cases per 100,000 children (2001 and 2002) (17) . Like observations that were made among closed communities (14, 21) , we observed no statistically significant increase in the rate of IPD due to non-vaccine-type strains among children aged Ͻ2 years since the implementation of PCV in 2005, except serotype 1 IPD in 2007.
When we looked at the serotype distribution among IPDs of this study, we noted a high prevalence of serotypes such as 1 and 7F. These serotypes had consistently ranked among invasive serotypes causing outbreaks (6, 9, 12, 13, 16) . This observation impacts the assessment of the pneumococcal disease burden in New Caledonia and probably in the entire South Pacific. The predominance of ST306 serotype 1 among invasive Streptococcus pneumoniae isolates in the South Pacific contributes to the lower protective impact of vaccines designed for limited serotypes. Our study highlights the importance that the next generation of conjugate pneumococcal vaccines must reduce the worldwide disparity in the rate of IPD due to non-PCV7 serotypes.
